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(57) ABSTRACT

The present invention relates to a master cylinder arrange-
ment for a motor vehicle hydraulic brake system comprising
ahousing, in which two adjacent cylinder bores are provided,
two piston arrangements, wherein a first piston arrangement
is received in a first of the cylinder bores so as to be displace-
able along a first bore longitudinal axis and wherein a second
piston arrangement is received in a second of the cylinder
bores so as to be displaceable along a second bore longitudi-
nal axis, a force input piston, which is connectable or con-
nected to a brake pedal, wherein in accordance with a move-
ment of the force input piston the first piston arrangement and
the second piston arrangement are displaceable, wherein the
first piston arrangement with the housing delimits a first pres-
sure chamber, which is fluidically connected to a hydraulic
brake system, and wherein the second piston arrangement
with the housing delimits a second pressure chamber, which
is fluidically connected to the hydraulic brake system. In this
master cylinder arrangement it is provided that between the
first piston arrangement as well as the second piston arrange-
ment and the force input piston a separate transmission ele-
ment is disposed, which is movable into joint abutment with
the first piston arrangement and the second piston arrange-
ment.

26 Claims, 5 Drawing Sheets
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MASTER CYLINDER SYSTEM FOR AN
AUTOMOTIVE HYDRAULIC BRAKE
SYSTEM AND AUTOMOTIVE HYDRAULIC
BRAKE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/EP2006/007328 filed Jul. 25, 2006, the dis-
closures of which are incorporated herein by reference, and
which claimed priority to German Patent Application No. 10
2005 037 792.0 filed Aug. 10, 2005, the disclosures of which
are incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a master cylinder arrange-
ment according to the preamble of claim 1.

Such a master cylinder arrangement is known for example
from the document DE 37 15209 A1, and corresponding U.S.
Pat. No. 4,794,757, both of which are incorporated by refer-
ence herein. This is designed in a similar manner to a tandem
master cylinder arrangement but is much more space-saving
because the two piston arrangements act in the mutually
adjacent cylinder bores, which are hydraulically connected to
one another. During a braking operation, a brake pedal is used
to introduce into the first piston a pedal actuating force, by
means of which the brake pressure is then generated in the
hydraulic brake system. In other words, in a brake system
equipped with this master cylinder arrangement the hydraulic
brake pressure needed to load the wheel brake of the vehicle
is generated exclusively by the master cylinder arrangement.

The disadvantageous effect of such a directly connected
brake system is that the driver by means of his actuating
activity at the brake pedal always influences the hydraulic
pressure at the wheel brakes. So long as this assists the brak-
ing situation, it is not a problem. However, as soon as the
driver reacts incorrectly to the actual braking situation by
adjusting for example far too much or far too little brake
pressure, the braking performance, in particular the braking
distance and the track-keeping of the vehicle may be
impaired, which in the worst-case scenario may lead to an
accident.

A further drawback of this arrangement is that the two
piston arrangements in the corresponding cylinder bores are
hydraulically connected to one another. This gives rise to the
problem that in the event of a malfunction, in particular a
leakage in the region of the piston arrangement moved
directly by a brake pedal actuation, reliable activation of the
piston arrangement disposed downstream of this piston
arrangement is no longer possible.

In DE 694 00 527 T2, and corresponding U.S. Pat. No.
5,448,888, both of which are incorporated by reference
herein, a master cylinder for a brake system is disclosed,
which comprises a parallel arrangement of first and second
pressure chambers, which are connected to brake circuits.
The master cylinder further comprises a third chamber, which
is connected to a brake actuating device and receives a third
piston, which during normal operation transmits some of the
input force via a liquid column to first and second pistons
disposed in the first and second pressure chambers. There is
therefore a direct mechanical connection of force input ele-
ment and hydraulic brake system, with the previously
described drawbacks. For an emergency operating situation
as aresultofleakages, it is provided that a compensating fork,
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2

which abuts the first and second pistons and may be displaced
by the third piston, is used for force transmission.

BRIEF SUMMARY OF THE INVENTION

The object of the present invention is to provide a master
cylinder arrangement and a correspondingly designed motor
vehicle brake system of the previously described type, which
are suitable for brake force boosting and which guarantee a
more reliable mode of operation.

This objectis achieved by a master cylinder arrangement of
the initially described type that moreover has the features
outlined in the characterizing portion of claim 1.

According to the invention it is therefore provided that the
two piston arrangements are mechanically connectable to the
force input piston only in the emergency operating situation,
and namely by means of the transmission element. Thus, in
the event of a leakage in one of the hydraulic systems asso-
ciated with the piston arrangements, at least the respective
other hydraulic system may be activated directly by means of
the force input piston. The hydraulic actuation of the one
piston arrangement by means of the hydraulic system asso-
ciated with the respective other piston arrangement in this
case no longer applies.

A development of the invention provides that the adjacent
cylinder bores extend substantially parallel to one another. A
space-saving arrangement of the inder bores is therefore pos-
sible.

According to the invention, it may further be provided that
the first and second piston arrangements are biased in each
case by means of piston-resetting springs into a normal posi-
tion in the direction of the transmission element. It may
moreover be provided that the force input piston is biased into
a normal position by means of a pedal-resetting spring. The
pedal-resetting spring in this case may be disposed integrated
in the housing or supported against a housing end.

In contrast to the initially discussed prior art, in which an
actuation of the first piston arrangement is effected directly by
means of the brake pedal, a development of the invention
provides that in the normal operating situation the master
cylinder arrangement according to the invention is actuated,
not directly by means of a pedal actuation, but instead by
means of an intermediate servo system in accordance with a
pedal actuation and a resultant movement of the force input
piston. Thus, this constructional variant of the invention pro-
vides that each piston arrangement comprises a pressure pis-
ton and a back-up piston, wherein enclosed between the
respective pressure piston and the respective back-up piston is
a servo chamber, which is chargeable with a pressure fluid
from a pressure source. In this case, the back-up piston upon
introduction of the pressure fluid into the servo chambers
remains in a normal position, whereas the respective pressure
piston is displaced in a brake-active manner. In this connec-
tion, it may further be provided that the servo chambers
associated with the first piston arrangement and the second
piston arrangement are jointly chargeable with pressure fluid
for the brake-active increase of the fluid pressure in the first
pressure chamber and in the second pressure chamber. The
effect may therefore be achieved that both piston arrange-
ments are activated with the same intensity, thereby resulting
in a uniform braking performance. This is necessary particu-
larly when there is also a wheel brake unit of a brake system
associated in each case with a pressure chamber.

A development of the invention provides that the force
input piston is received displaceably in a cylindrical receiving
bore and with the housing encloses a pedal-counterforce pres-
sure chamber. In this connection, it may be provided that the
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pedal-counterforce pressure chamber is connectable to a
hydraulic pedal-counterforce simulation device. In this case,
the pedal-counterforce simulation device may be disposed in
any desired manner, in particular at a location where there is
sufficient installation space available in the motor vehicle. In
this connection, from a design viewpoint it may further be
provided that the force input piston is connected to a contact
plunger, which is received in a cylindrical connection bore
aligned with the receiving bore and, as a result of a displace-
ment of the force input piston, after overcoming a play is
mechanically connectable to the transmission element.

The provision of such a play makes it possible for the force
input piston and hence the brake pedal to be mechanically
uncoupled from the piston arrangements. This measure is to
be understood in the context of the mechanically uncoupled
actuation of the piston arrangement by the brake pedal that
has already been discussed above. If a brake pedal actuation
is detected by means of an electronic sensor device, about
which more detail will be provided below, then by virtue of
the provision of such a play it is guaranteed that, given a
properly functioning servo circuit, a direct mechanical con-
nection of brake pedal and piston arrangements will not
occur. Instead, from the detected pedal actuation only the
braking request of the driver is determined and in accordance
with this determined braking request and taking respective
vehicle operating parameters into consideration an appropri-
ate brake force is generated by means of the servo pressure
circuit. It is only if the servo circuit supply is not functioning
properly that the play is overcome, thereby also allowing—in
an emergency operating situation—a direct mechanical
actuation of the piston arrangements to occur.

Preferably, according to the invention it is provided that the
transmission element comprises a central receiving opening
that receives the contact plunger with the play.

In this connection, it may further be provided that the play
is dimensioned in such a way that a pedal actuation for regen-
erative braking in a hybrid vehicle occurs without a mechani-
cal connection of force input piston and first piston arrange-
ment. This means that also during a braking operation of a
different type, for example when an electric motor disposed in
a hybrid vehicle is utilized as a generator, wherein the gen-
erator mode deploys a deceleration effect that is sufficient for
a slight braking of the vehicle, an undesirably premature
mechanical connection between force input piston and piston
arrangements is therefore avoided. In such a case of a purely
regenerative braking operation, a charging of the servo cham-
bers with pressure fluid also does not occur.

A development of the invention provides that the transmis-
sion element at its end facing the piston arrangements is of a
cup-shaped design and receives in the cup a portion of the
piston arrangements that faces towards it. The transmission
element may therefore be of alonger design. This is necessary
particularly if the transmission element is guided, preferably
by means of at least two peripheral regions, in a linearly
movable, tilt-proof manner in the housing. Given a corre-
spondingly long design of the transmission element with
suitable peripheral regions performing a guide function, a
reliable take-up of axial forces as well as transverse forces is
possible without any risk of tilting or binding of the transmis-
sion element.

As regards the manufacture of the master cylinder arrange-
ment according to the invention, it should be stated that par-
ticularly because of the high piece numbers arising in motor
vehicle manufacture the manufacturing costs are to be kept as
low as possible. For this reason, according to the invention it
may be provided that the housing is of a multipart design,
wherein individual housing parts, particularly in the region of
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the piston arrangements, are connected in a fluidproof and
detachable manner to one another. The individual housing
parts are conceived in such a way that the bores, recesses and
undercuts to be provided therein are as easy to produce as
possible. For example, according to a constructional variant
of the invention it is recommended that a housing part be
designed in such a way that in it, without any need for under-
cuts that are expensive to produce, bores may be provided,
which then in combination with the piston arrangements
inserted therein form the pressure chambers. To facilitate
assembly and for improved transmission of transverse forces,
in the context of this inventive idea it may also be provided
that housing parts, which are to be connected to one another,
given a mutual connection are positioned in a setpoint posi-
tion relative to one another in each case by means of a posi-
tioning element. It should also be mentioned that this inven-
tive idea may be realized in addition to, or separately from, the
previously described inventive idea.

With a view to simple and economical manufacture, a
development of the invention provides that the piston
arrangements are at least partially guided in guide bushes
inserted into the housing. Because of the need to provide
fluidproof guides for various components that are movable
relative to one another, the respective surfaces, in particular
the surfaces of receiving bores need to be of as high a quality
and as insensitive as possible. This is costly above all in
hollow bodies. With the previously mentioned variant the
invention takes a different approach by using individual guide
bushes, which are much easier to manufacture and may then
be subsequently inserted into a housing blank and assume the
required guide properties. In particular, in this connection it
may be provided that the guide bushes are manufactured from
corrosion-resistant and friction-reducing material.

Reference has already been made above to detection of the
position of the force input piston for the purpose of detecting
a pedal actuation. In this connection, a development of the
invention provides that a movable component of a motion
sensor is connected to the force input piston and that an
immovable component of the motion sensor is provided on
the housing. In this case, it may be provided that the movable
component of the motion sensor is guided displaceably in the
housing on a carrier piston that is movable with the force input
piston. In an inventive continuation of this variant, it may also
be provided that the movable component of the motion sensor
is movably received close to or in an externally accessible
guide well formed in the housing, wherein the guide well is
sealingly closable by means of the immovable component of
the motion sensor or by means of a structural part that receives
the immovable component. It is therefore possible merely to
remove the immovable component or the structural part that
receives the immovable component in order to maintain or
exchange the movable component of the motion sensor,
should a defect make it necessary to repair or exchange the
motion sensor. There is therefore no longer any need to dis-
mantle the entire master cylinder arrangement, just the com-
ponents of the motion sensor that would in any case have to be
removed.

Furthermore, in the past it has been demonstrated time after
time that the process of filling a master cylinder arrangement
for the first time and after a repair or maintenance operation is
time-consuming and hence cost-intensive. To counteract this
problem, a development of the invention provides that a shut-
off valve that opens pressure-dependently in the direction of
afluid reservoir is provided in the housing for filling the servo
chamber, pressure chamber or/and further fluid chambers
with hydraulic fluid. The effect may therefore be achieved
that initially all of the chambers to be filled with hydraulic
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fluid are filled before, upon attainment of a predetermined
minimum pressure, the shut-oft valve automatically opens
and an outflow into a fluid reservoir occurs.

The invention further relates to a motor vehicle brake sys-
tem comprising a master cylinder arrangement of the previ-
ously described type, a pressure source, hydraulically acti-
vatable wheel brake units associated with individual wheels
and an electronic control unit, wherein the pressure source is
fluidically connectable to the wheel brake units and to the
master cylinder arrangement in such a way that the pressure
fluid supplied from the pressure source is usable on the one
hand to charge the master cylinder arrangement, in particular
the servo chambers thereof, and on the other hand to activate
at least two wheel brake units.

In this motor vehicle brake system, it may be provided that
the pressure source comprises a pump arrangement and an
accumulator. According to the invention it may further be
provided that the pedal-counterforce simulation device is dis-
connectable from the pedal-counterforce pressure chamber
by means of a simulation-device on-off valve. As already
indicated above, a development of the invention may provide
that a generator usable to decelerate the vehicle is provided
and that the vehicle deceleration achieved upon activation of
the generator is taken into consideration when activating the
motor vehicle brake system.

Other advantages of this invention will become apparent to
those skilled in the art from the following detailed description
of the preferred embodiments, when read in light of the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an axis-containing sectional view of a first con-
structional variant of the invention in non-actuated position;

FIG. 2 is a view as in FIG. 1 in emergency operation
position;

FIG. 3 is an overview representation of a motor vehicle
brake system according to the invention;

FIG. 4 is a detail view of a second form of construction of
the invention in non-actuated position;

FIG. 5 is a view as in FIG. 4 in emergency operation
position;

FIG. 6 is an enlarged detail view of the second form of
construction to illustrate filling of the system in a different
sectional plane from FIGS. 4 and 5;

FIG. 7 is a sectional representation of the second form of
construction according to FIGS. 4 to 6 to illustrate the actua-
tion sensing;

FIG. 8 is a sectional representation along the cutting line
VII-VII of FIG. 7; and

FIG. 9 is a perspective partial view of the region shown in
FIGS. 7 and 8 with the housing open.

DETAILED DESCRIPTION OF THE INVENTION

In FIG. 1 a master cylinder arrangement according to the
invention is shown in a longitudinal sectional view and
denoted generally by 10. It comprises a housing 12 of a
multipart design, of which a first housing part 14 has a first
cylinder bore 16 and, parallel thereto, a second cylinder bore
18, which run parallel along a first bore longitudinal axis A
and a second bore longitudinal axis B.

Disposed in the first cylinder bore 16 is a first pressure
piston 20, which is biased in FIG. 1 to the right by means of
a resetting spring 22. Analogously thereto, a second pressure
piston 24 is disposed in the second cylinder bore 18 and
biased in FIG. 1 to the right by means of a resetting spring 26.
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The pressure pistons 20 and 24 are associated with respective
first and second piston arrangements 28 and 30. The first
piston arrangement 28 comprises in addition to the first pres-
sure piston 20 a first back-up piston 32. The second piston
arrangement 30 also comprises in addition to the second
pressure piston 24 a second back-up piston 34. The two back-
up pistons 32 and 34 are guided in a linearly displaceable and
sealing manner in guide bushes 36 and 38 inserted separately
into the housing part 14. The guide bushes 36 and 38 are fixed
in the housing 12.

From FIG. 1 it is also evident that the housing 12 in the
region of the guide bushes 36 and 38 is provided with a flange
region 40, in which the first housing part 14 is screw-con-
nected to a second housing part 42. For positioning the first
housing part 14 and the second housing part 42 correctly
relative to one another a positioning sleeve 44 is provided.
This is used simultaneously—as already indicated above—to
fix the guide bushes 36 and 38 in the housing 12. Besides the
guide property, the guide bushes 36 and 38 further have the
function of bracing the back-up pistons 32 and 34 in FIG. 1 to
the right in the illustrated position. For this purpose, the
back-up pistons 32 and 34 are provided with a support pro-
jection 46 and 48 respectively. The piston arrangements 28
and 30 therefore occupy the predetermined normal position
shown in FIG. 1 because the back-up pistons 32 and 34 are
supported via the support projections 46 and 48 against the
guide bushes 36 and 38 and the pressure pistons 20 and 24 are
pressed by means of the resetting springs 22 and 26 against
the back-up pistons 32 and 34. It should however be men-
tioned and will explained in detail below with reference to
FIGS. 3 and 6 that there is formed in each case between the
pressure pistons 20 and 24 and the back-up pistons 32 and 34
associated therewith a servo pressure chamber 47 and 49,
which is chargeable with pressure fluid through a fluid con-
nection 50.

In the second housing part 42 a transmission element 52 is
received so as to be displaceable along a housing longitudinal
axis C. The transmission element 52 is braced in FIG. 1 to the
right against a diameter step 54 of the second housing part 42
and is movable in FIG. 2 to the left. It further comprises a
circular-cylindrical receiving opening 56, into which a con-
tact plunger 58 is introduced in a displaceable manner. How-
ever, before the contact plunger 58 in the course of a relative
displacement along the housing longitudinal axis C may
come into force-transmitting abutment with a base of the
receiving opening 56, the contact plunger 58 has to overcome
aplay s. The contact plunger 58 is further guided displaceably
in a guide collar 60 of the second housing part 42. At its, in
FIG. 1, right end the contact plunger 58 is connected in a fixed
manner to a force input piston 62, which in turn at its, in FIG.
1, right end receives a force input element 64 connected to a
brake pedal. The force input piston 62 is biased by a resetting
spring 66 into its normal position shown in FIG. 1, in which it
holds the contact plunger 58 at the distance s from the base of
the receiving opening 56. It should further be mentioned that
the force input piston 62 is guided in a linearly movable
manner in the second housing part 42.

The force input piston 62 with the second housing part 42,
in particular including the guide collar 60, encloses a pedal-
counterforce pressure chamber 68, which is formed inside a
receiving bore 66 and is fluidically connectable by a non-
illustrated fluid connection to a pedal-counterforce simula-
tion device. About this too, more details are provided below.

The master cylinder arrangement 10 may be connected by
a fastening flange 70 and fastening bolts 72 to a vehicle
chassis.
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For determining the position of the force input piston 62 a
movable component 74 of a position sensor is fitted on the
force input piston 62 and in the event of a brake pedal actua-
tion moves together with the force input piston 62 along the
housing longitudinal axis C. A stationary component 76 of the
position sensor is moreover provided on the housing.

Before going on to describe the mode of operation of the
master cylinder arrangement according to FIG. 1 with addi-
tional reference to FIG. 2, the integration of the master cyl-
inder arrangement 10 according to FIG. 1 in the vehicle brake
system shown diagrammatically in FIG. 3 will first be dis-
cussed.

FIG. 3 shows the master cylinder arrangement 10 accord-
ing to the invention in a reduced representation. It is evident
that the master cylinder arrangement 10 are fluidically con-
nected by lines 92 and 94 to a fluid reservoir 90, wherein the
lines 92 and 94 in the non-actuated position shown in FIG. 1
establish a fluidic connection to a first pressure chamber 78
and a second pressure chamber 80. However, as soon as the
pressure pistons 20 and 24 are displaced in FIG. 1 to the left,
this fluidic connection is automatically closed.

FIG. 3 further shows wheel brake units 96, 98,100 and 102.
The wheel brake unit 96 is fluidically connected by a fluid line
106 to the second pressure chamber 80, while the wheel brake
unit 98 is fluidically connected by a fluid line 104 to the first
pressure chamber 78. The two wheel brake units 100 and 102
are not directly charged with pressure fluid from the pressure
chambers 78 and 80.

Rather, the wheel brake units 100 and 102 are charged via
a main control valve 114 and feed lines 116 and 118 with
hydraulic fluid from a pressure source, which is formed by
pumps 108 and 110 and a motorized drive 112 associated
therewith. For carrying hydraulic fluid to and from the wheel
brake units 100 and 102 control valves 120, 122, 124 and 126
are further provided, wherein the control valves 124 and 126
allow hydraulic fluid to be removed from the wheel brake
units 100 and 102 through the fluid line 128 and into the fluid
reservoir 90. An accumulator 130 is moreover provided for
compensating pressure variations.

FIG. 3 further shows a pedal-counterforce simulation
device 132, which by means of a fluid line 134 and a fluid
valve 136 disposed therein is connectable to and disconnect-
able from the pedal-counterforce pressure chamber 68.

It is further evident that the already previously mentioned
servo pressure chambers 47 and 49 between the back-up
pistons 32 and 34 and the pressure pistons 20 and 24 (see F1G.
1)is connectable by the fluid lines 138 and 140 and associated
control valves 142, 144 as well as 146 and 148 to the main
control valve 114 and, via this, ultimately to the pressure
source comprising the pumps 108 and 110 in order to activate
the servo pressure chambers 47 and 49 and hence displace the
pressure pistons 20 and 24.

It is further evident from FIG. 3 that the vehicle brake
system additionally comprises pressure sensors 150 and 152.
The pressure sensor 150 is used to measure the fluid pressure
in the hydraulic circuit of the pedal-counterforce simulation
arrangement. The pressure sensor 152 on the other hand is
used to measure the hydraulic pressure, with which the servo
pressure chambers 47 and 49 as well as the wheel brake units
100 and 102 are charged.

It should further be mentioned that the individual arrows,
with which the hydraulic lines in FIG. 3 are provided, repre-
sent the directions of flow for the situation of a filling of the
system with hydraulic fluid. In operating situations different
directions of flow of the pressure fluid arise.

There now follows a detailed description of the mode of
operation of the vehicle brake system according to the inven-
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tion and of the master cylinder arrangement according to the
invention. Upon an actuation of the brake pedal, the force
input element 64 is displaced in FIG. 1 to the left along the
housing longitudinal axis C. With it, the force input piston 62
is displaced to the left, with the result that the pedal-counter-
force pressure chamber 68 is reduced in volume. The pedal-
counterforce simulation device 132 counteracts in a corre-
sponding manner. By means of the position sensor 74, 76 the
movement of the force input piston 62 is detected and com-
municated in the form of a corresponding electronic signal to
an electronic control unit (ECU) 300. This signal in accor-
dance with the detected movement activates the pumps 108
and 110 by means of the motor 112, thereby leading to a
pressure build-up that may be detected by means of the pres-
sure sensor 152. In dependence upon the pedal actuation
detected by the position sensor 74, 76 the correspondingly
built-up hydraulic pressure is then fed both to the servo pres-
sure chambers 47 and 49 between pressure pistons 20 and 24
and back-up pistons 32 and 34 as well as to the wheel brake
units 100 and 102. As a result of the loading of the servo
pressure chambers 47 and 49, the pressure pistons 20 and 24
are displaced in FIG. 1 to the left along the bore longitudinal
axes A and B, so that in the pressure chambers 78 and 80 a
corresponding hydraulic pressure is built up. This is transmit-
ted via the fluid lines 104 and 106 to the wheel brake units 96
and 98 so that these, in addition to the wheel brake units 100
and 102, decelerate the vehicle.

In an emergency operating situation, in which a hydraulic
supply of the servo chambers 47 and 49 or/and of the wheel
brake units 100 and 102 does not occur, for example because
of'a failure of the motor 112, a corresponding servo-pressure-
actuated displacement of the pressure pistons 20 and 24 does
not occur either. This means that upon a brake pedal actuation
the contact plunger 58 penetrates deeper and deeper into the
receiving opening 56, with simultaneous reduction of the play
s, until the contact plunger 58 finally abuts the base of the
receiving opening 56. There is then a direct mechanical con-
nection between the transmission element 52 and the brake
pedal by means of the force input element 64, the force input
piston 62 and the contact plunger 58. Any further depression
of the brake pedal is then transmitted by the transmission
element 52 in an identical manner to the two back-up pistons
32 and 34, so that these are displaced in FIG. 1 to the left along
the bore longitudinal axes A and B. The state of the direct
mechanical connection of the contact plunger 58 and the
transmission element 52 may be seen in FIG. 2. FIG. 2 also
shows how the transmission element 52 has already been
lifted by a distance d off the diameter step 54 and displaced in
FIG. 2 to the left. With the back-up pistons 32 and 34 the
pressure pistons 20 and 24 have also been displaced to the left
counter to the action of the resetting springs 22 and 26, so that
in the pressure chambers 78 and 80 hydraulic pressure has
been built up. FIG. 2 also shows the possibility of a direct
mechanical actuation of the master cylinder arrangement 10
in the event of a failure of the hydraulic supply of the servo
pressure chambers 47 and 49. In order to make such a direct
mechanical actuation as resistance-free as possible, the
pedal-counterforce pressure chamber 68 is fluidically discon-
nected from the pedal-counterforce simulation device 132
and connected to the fluid reservoir 90, with the result that no
pedal counterforce is generated.

FIGS. 4 to 9 show a second form of construction that is
modified compared to the form of construction according to
FIGS. 1 and 2. To avoid repetition, for components of an
identical type or of an identical effect the same reference
characters as with reference to FIGS. 1 and 2 are used, only
with the lower case letter “a” as a suffix. The form of con-
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struction according to FIGS. 4 to 9 differs from the form of
construction according to FIGS. 1 and 2 only in that the
transmission element 52a is provided at its two ends with
hollow spaces 156a, 1584, which are separated from one
another by a dividing wall 160qa. The transmission element
52a further has on its outer periphery in each case two guide
regions 162a and 164a, by means of which it is guided in a
linearly displaceable manner on the cylindrical inner surface
of the second housing part 42a. By means of the two guide
regions 162a and 164aq transverse forces arising at the trans-
mission element 52 may be transmitted in a bind-free man-
ner to the second housing part 42a.

FIG. 5 illustrates the state that is adopted in an emergency
situation, namely when the play s is used up and the contact
plunger 58a abuts the dividing wall 160a for the direct
mechanical transmission of force to the transmission element
52a. It is precisely in such a situation that the two guide
regions 162a and 164a have an advantageous effect because
they allow a low-friction and in particular bind-free displace-
ment of the transmission element 52a in the second housing
part 42a along the cylindrical inner surface 166a.

FIG. 6 reveals a further aspect of the present invention by
way of the embodiment shown in FIGS. 4 to 6. It is evident
that in the first housing part 14a a connection 170a to the fluid
reservoir 90 (FIG. 3) is provided. In order, when the entire
system is filled for the first time or after a maintenance opera-
tion, to be able to guarantee that all of the functionally rel-
evant regions, in particular all of the fluid chambers, are filled
with fluid before the fluid flows off through a discharge chan-
nel 172q into the fluid reservoir 90 (see FIG. 3), the invention
further provides the fill-assist valve 174a shown in FIG. 6.
This comprises a spherical stopper 1764, which is received in
an inner cage 1784 and may close a valve opening 180a. As a
protection against loss, a retaining lug 1824 is provided. The
inner cage 178a is biased into the position shown in FIG. 6 by
means of acompression spring 184a. The compression spring
184a is supported by its, in FIG. 6, upper end against an outer
cage 186a, which is provided with radial slots. Between the
outer cage 1864 and the inner cage 1784 a disk-shaped sealing
element 188a is provided. This provides a sealing connection
between the outer cage 1864 and the inner cage 178a in the
biased position shown in FIG. 6. A detent spring 190q is
further provided, which holds the fill-assist valve 174a fast in
the first housing 14a.

The fill-assist valve 174a in dependence upon the bias of
the spring 184a has the effect that, in the event of an excess
pressure inside the chamber 192« during filling compared to
the atmospheric pressure prevailing in the fluid reservoir 90
(see FIG. 3), there is initially no fluidic connection between
the chamber 1924 and the fluid reservoir. This is because the
excess pressure causes the spherical stopper 176a to be
pressed sealingly against the valve opening 180a and the
spring bias of the spring 184a causes the inner valve cage
178a to be pressed sealingly against the sealing element 1884.
The pressure in the chamber 1924 does admittedly ensure that
hydraulic fluid flows in accordance with arrow P, past the
sealing element 194q into the servo chamber 47a (and the
servo chamber 49a not shown in FIG. 6) and fills these.
However, because of the closing effect of the fill-assist valve
174a there is initially no flow of fluid into the fluid reservoir
90. However, as soon as the excess pressure in the fluid
chamber 192a rises further, for example to a pressure above
the conventional filling pressure of 7 bar, the prevailing pres-
sure causes the inner cage 1784 to be pressed upwards in FIG.
6 counter to the action of the compression spring 184a4. As a
result, hydraulic fluid may flow in accordance with arrow P,
through the radial slots in the outer cage 1864 into the fluid
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reservoir 90a. The entire hydraulic system may according to
the invention be tuned in such a way that prior to attainment
of'the maximum filling pressure, at which the fill-assist valve
174a opens for the first time, all of the chambers to be filled in
the master cylinder arrangement and in the brake system
shown in FIG. 3 are filled.

It should additionally be pointed out that for the purpose of
filling there may be provided in the back-up piston 58a a
groove or/and a recess 198a, which may extend right up to
the, in FIG. 6, left axial end of the back-up piston 58a.

FIGS. 7 to 9 show the second embodiment in the region
around the force input piston 62a. It is evident that the force
input piston 62¢ is additionally provided with an axial jour-
nal, which is received in a corresponding receiver of the
contact plunger 58a. What is particularly evident in FIGS. 7 to
9, however, is the design of the position sensor comprising the
two components 74a and 76a.

The stationary component 76a of the position sensor is
screw-fastened directly onto the second housing part 424,
wherein the second housing part 42¢ has an upwardly open
well 200qa. In this well 200a the movable component 74a of
the position sensor is guided. More precisely, the movable
component 74a of the position sensor, for example a perma-
nent magnet, is fitted on the radially outer region 202a of the
force input piston 62a and projects into the well 200a. In this
case, the force input piston 62a is provided with a carrier
piston 310 (see FI1G. 7) forming the radially outer region 202a
and being movable with the force input piston 62a. Also
evident from FIG. 9 are two fastening eyes 204a and 206a,
onto which, as is shown by way of example in FIG. 8 at
reference character 210qa, corresponding fastening eyes are
mountable and screw-fastenable. The stationary component
76a of the sensor element is therefore pressed firmly and in a
fluidproof manner onto a frame-like sealing surface 2124 (see
FIG. 9) on the housing part 42 and applied sealingly against
this sealing surface.

By virtue of the design and arrangement of the position
sensor shown in FIGS. 7 to 9 it is possible, by removing the
stationary component 76a of the position sensor, to gain
access to the moving component 74a of the motion sensor and
exchange it, where necessary, in particular for maintenance
purposes, without having to dismantle the entire system.

FIG. 7 further reveals at the reference character 214a a
connection channel that is used to fill the pedal-counterforce
pressure chamber 68a. A further characteristic feature of the
form of construction according to FIGS. 7 to 9 is that the
resetting spring 66a is disposed inside the first housing part
42a.

Finally, it should additionally be pointed out that the
groove 198a mentioned with reference to FIG. 6 may be seen
from a different perspective in FIG. 7.

Although the previously described features have been
described in connection with the present invention, in particu-
lar in connection with the use of the transmission element 52
and 52a, it should be stated that these features may be used
also in other types of master cylinder arrangement, i.e. inde-
pendently of whether such a transmission element 52, 52a is
provided or not. This applies in particular to the features
regarding the multipart design of the housing 12, the provi-
sion of a positioning sleeve 44, 44a, and the use of guide
bushes 36, 38 and/or 364, 384 and moreover regarding the
arrangement of the position sensor, in particular of the com-
ponents 74 and 76 as well as 74a and 76a.

In accordance with the provisions of the patent statutes, the
principle and mode of operation of this invention have been
explained and illustrated in its preferred embodiment. How-
ever, it must be understood that this invention may be prac-



US 9,073,523 B2

11

ticed otherwise than as specifically explained and illustrated
without departing from its spirit or scope.

The invention claimed is:

1. Master cylinder arrangement for a motor vehicle hydrau-
lic brake system comprising:

a housing in which two adjacent cylinder bores are pro-

vided,
two piston arrangements, wherein a first piston arrange-
ment is received in a first of the cylinder bores so as to be
displaceable along a first bore longitudinal axis, and
wherein a second piston arrangement is received in a
second of the cylinder bores so as to be displaceable
along a second bore longitudinal axis,
a force input piston which is connectable or is connected to
a brake pedal, wherein in accordance with a movement
of'the force input piston, the first piston arrangement and
the second piston arrangement are displaceable,

wherein the first piston arrangement with the housing
delimits a first pressure chamber which is fluidically
connected to a hydraulic brake system, and wherein the
second piston arrangement with the housing delimits a
second pressure chamber which is fluidically connected
to the hydraulic brake system, and

wherein between the first piston arrangement as well as the

second piston arrangement and the force input piston, a
separate transmission element is disposed which is mov-
able into joint abutment with the first piston arrangement
and the second piston arrangement,

wherein in a normal operating situation, the force input

piston is disconnected in terms of force from the first
piston arrangement and the second piston arrangement;
and

wherein in an emergency operating situation, the force

input piston is connected in terms of force with the first
piston arrangement and the second piston arrangement.

2. Master cylinder arrangement according to claim 1,
wherein the adjacent cylinder bores extend substantially par-
allel to one another.

3. Master cylinder arrangement according to claim 1,
wherein the first and second piston arrangement are biased
into a normal position in the direction of the transmission
element in each case by means of piston-resetting springs.

4. Master cylinder arrangement according to claim 1,
wherein the force input piston is biased into a normal position
by means of a pedal-resetting spring.

5. Master cylinder arrangement according to claim 1,
wherein each piston arrangement comprises a pressure piston
and a back-up piston, wherein disposed between the respec-
tive pressure piston and the respective back-up piston is a
servo chamber, which is chargeable with a pressure fluid from
a pressure source.

6. Master cylinder arrangement according to claim 5,
wherein the servo chambers, which are associated with the
first piston arrangement and the second piston arrangement,
are jointly chargeable with pressure fluid for the brake-active
increase of the fluid pressure in the first pressure chamber and
in the second pressure chamber.

7. Master cylinder arrangement according to claim 1,
wherein the force input piston is received displaceably in a
cylindrical receiving bore and with the housing encloses a
pedal-counterforce pressure chamber.

8. Master cylinder arrangement according to claim 7,
wherein the pedal-counterforce pressure chamber is connect-
able to a hydraulic pedal-counterforce simulation device.

9. Master cylinder arrangement according to claim 8,
wherein the force input piston is connected to a contact
plunger, which is received in a cylindrical connection bore
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aligned with the receiving bore and, as a result of a displace-
ment of the force input piston, after overcoming a play is
mechanically connectable to the transmission element.

10. Master cylinder arrangement according to claim 9,
wherein the transmission element comprises a central receiv-
ing opening, which receives the contact plunger with the play.

11. Master cylinder arrangement according to claim 9,
wherein the play is dimensioned in such a way that a pedal
actuation for regenerative braking in a hybrid vehicle occurs
without a mechanical connection of force input piston and
first as well as second piston arrangement.

12. Master cylinder arrangement according to claim 1,
wherein the transmission element at its end facing the piston
arrangements is cup-shaped, and wherein the cup-shaped end
of the transmission element receives a portion of the piston
arrangements that faces towards it.

13. Master cylinder arrangement according to claim 12,
wherein the transmission element is guided by means of at
least two peripheral regions in a linearly movable, tilt-proof
manner in the housing.

14. Master cylinder arrangement according to claim 1,
wherein the housing is of a multipart design, wherein indi-
vidual housing parts in the region of the piston arrangements
are connected in a fluidproof, detachable manner to one
another.

15. Master cylinder arrangement according to claim 14,
wherein housing parts that are to be connected to one another,
given a mutual connection, are positioned relative to one
another in each case by means of a positioning element.

16. Master cylinder arrangement according to claim 1,
wherein the piston arrangements are at least partially guided
in guide bushes inserted into the housing.

17. Master cylinder arrangement according to claim 16,
wherein the guide bushes are manufactured from corrosion-
resistant and friction-reducing material.

18. Master cylinder arrangement according to claim 1,
wherein a movable component of a motion sensor is con-
nected to the force input piston and that an immovable com-
ponent of the motion sensor is provided on the housing.

19. Master cylinder arrangement according to claim 18,
wherein the movable component of the motion sensor is dis-
placeably guided in the housing on a carrier piston that is
movable with the force input piston.

20. Master cylinder arrangement according to claim 19,
wherein the movable component of the motion sensor is mov-
ably received close to or in an externally accessible guide well
formed in the housing, wherein the guide well is sealingly
closable by means of the immovable component of the
motion sensor or by means of a structural part that receives the
immovable component.

21. Master cylinder arrangement according to claim 20,
characterized in that shut-off valve, which opens pressure-
dependently towards a fluid reservoir, is provided in the hous-
ing for filling a servo chamber or pressure chamber with
hydraulic fluid.

22. Motor vehicle brake system comprising

a master cylinder arrangement according to claim 1,

a pressure source,

hydraulically activatable wheel brake units associated with

individual wheels, and

an electronic control unit,

wherein the pressure source is fluidically connectable to

the wheel brake units and to the master cylinder arrange-
ment in such a way that the pressure fluid supplied from
the pressure source is usable on the one hand to charge
the master cylinder arrangement and on the other hand to
activate at least two wheel brake units.
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23. Motor vehicle brake system according to claim 22,
wherein the pressure source comprises a pump arrangement
and an accumulator.

24. Motor vehicle brake system according to claim 22,
characterized by a hydraulic pedal-counterforce simulation
device, which is fluidically connected to the pedal-counter-
force pressure chamber.

25. Motor vehicle brake system according to claim 24,
wherein the pedal-counterforce simulation device is discon-
nectable from the pedal-counterforce pressure chamber by
means of a simulation-device on-off valve.

26. Motor vehicle brake system according to claim 22,
wherein a generator that is usable to decelerate the vehicle is
provided and that the vehicle deceleration achieved upon
activation of the generator is taken into consideration when
activating the motor vehicle brake system.

#* #* #* #* #*

10

15

14



